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1990s 

VSOP: 1997 – 2003 

1986-88 2010s 

TDRSS: 1986 – 88 RadioAstron: 2011 – … 

Very Long Baseline Interferometry 
from space  



The mission 

ü  10-m orbiting parabola 

ü  Launched on 18th July 2011,  
     5 years life-cycle. Operated by  
    Astro-Space Center (Moscow, RU) 
 
ü  3.3 Tons  
 
ü  Orbital period ~9 days (apogee 

330.000 Km, perigee 600 km) 

ü  4 observing bands (P, L, C, K) 
 

  

2 RADIOASTRON SPACE SEGMENT 4

and playback facilities, which helped in the development of the RadioAstron Data Recorder (RDR)
and ASC software correlator, were provided by the Canadian Space Agency and York University in
Toronto, Canada.

During the fringe search period of the IOC tests many observatories have committed necessary ob-
serving time for the mission, including NAIC with the 300-m telescope in Arecibo, NRAO with the
GBT, MPIfR with the 100-m Effelsberg radio telescope, ASTRON with the WSRT, IRA (Italy) with
Medicina and Noto, JAXA (ISAS) with the Usuda 64-m telescope, Jodrell Bank, Evpatoria 70-m dish
of Ukranian Space Agency, three 32-m telescopes (Badary, Svetloe and Zelenchuk) of the Institute of
Applied Astronomy in Saint Petersburg, and the Yebes 40-m telescope.

1.2 Main performance parameters of RadioAstron

The main performance metrics of the Space Radio Telescope in flight are shown in Table 1. See
section 4 for details.

Table 1: Basic performance of RadioAstron

Observing Frequency Bandwidth per Smallest SEFD Gain 1σ baseline
Bands range polarization spacing (kJy) (mKJy−1) sens. (mJy)
(cm) (MHz) (MHz) (µas) LCP;RCP LCP; RCP
92 (P) 316 – 332 1× 16 530 13.3; 13.5 11 14; 14
18 (L) 1636 – 1692 2× 16 100 2.76; 2.93 15 3; 3
6 (C) 4804 – 4860 2× 16 35 11.6; — 13 5; —
1.3 (K) 18372 – 25132 2× 16 7 46.7; 36.8 3 17; 15

K-band observing can be done at one of the eight central frequencies: 18392, 19352, 20312, 21272,
22232, 23192, 24152, 25112 MHz (with further fine tuning, see section 4.1.1 and Table 4). The fringe
spacing is calculated for the longest possible baseline. The one-sigma baseline sensitivity is estimated
for the RadioAstron-GBT pair for 300 s integration time and 16 MHz bandwidth of a single polarization
single frequency channel (IF). Image sensitivity is discussed in section 4.5.3.

2 RadioAstron Space Segment

The space segment of the mission is comprised of the RadioAstron satellite hosting a 10-meter parabolic
antenna, scientific payload, communication system, and a spacecraft bus. A detailed description of
these elements of the satellite is given below.

2.1 Spacecraft design

The RadioAstron satellite consists of a parabolic reflector, a scientific payload located in two con-
tainers, the focal container and the instrumentation module, and a “Navigator” service module (bus),
which is a standard module used in several other scientific missions. An on-board Hydrogen frequency
standard is installed separately. The space radio telescope (SRT) is a deployable parabolic reflector
(10-m diameter) made of 27 carbon fiber petals. It has a focal length to diameter ratio, F/D, of
0.43, and an overall RMS surface accuracy ±0.5 mm. The prime focus concentric feed arrangement
provides the possibility of observing at two frequencies, or two circular polarizations simultaneously.



The mission 



06/2011             2012     2013             2014                 
2015 

Launch 

End of   
engineering 
commissioning  

End of   
early-science 
program 

End of   
AO-1 

•  Different WGs for AGNs, pulsars, and masers. 
 
•  Mainly KSPs in AO-1, both individual PI and 

KS Projects in AO-2 

•  Planned 50% PI and 50% KS Projects after 
AO-2 

The mission 



The ground segment 

Different stations are needed for satellite operations and observations: 
 
ü  Control Stations: operates the satellite 

ü  Laser Ranging Stations:  track satellite position 

ü  Tracking Stations: receive satellite data (Pu, Gb) 

ü  Ground Radio Stations: observe in conjuction with RadioAstron 

ü  Ground Facilities: Ballistic center for orbit reconstruction; Correlation centers for 
data processing; dedicated lines for fast e-transfer of  large amount of  data 

Orbit reconstruction 



Numerous stations involved, 
 all around the world 
 
EVN 
 
KVN 
 
VLBA  
 
Quasar Array 
 
GBT 
 
Japanese Stations 
 
Russian Stations 

The ground segment 



4 OBSERVATIONS WITH RADIOASTRON 31

!2000 !1000 0 1000 2000

!2000

!1000

0

1000

2000

u !MΛ"

v
!M
Λ
"

#1$

!5000 0 5000

!5000

0

5000

u !MΛ"

v
!M
Λ
"

#2$

!5000 0 5000

!5000

0

5000

u !MΛ"

v
!M
Λ
"

#3$

!10 000 !5000 0 5000 10 000

!10 000

!5000

0

5000

10 000

u !MΛ"

v
!M
Λ
"

#4$

!2000 !1000 0 1000 2000

!2000

!1000

0

1000

2000

u !MΛ"

v
!M
Λ
"

#5$

Figure 11: Coverages of the (u, v)-plane for the five experiments listed in Table 7.
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Figure 12: Radial averages of the (u, v)-gap parameter, ∆u/u, for the five experiments listed in Table 7.

The ground segment 



The Correlation 

Four correlators are processing RadioAstron data: 
 
•  ASC software FX-correlator: AGN survey, Russian PIs projects 

•  Bonn DiFX  software correlator: upgraded version of  the DiFX to 
correlate space-based antennas. AGN imaging projects 

 
•  JIVE SFXC software correlator: mainly pulsar projects 

•  CURTIN University correlator: Cen A  imaging project (Australia) 



q   Structure of compact jets in strong AGN (AGN-S) 
     M. Perucho, A.P. Lobanov, T. Savolainen, T.B. Muxlow, I. Agudo, J.M. Anderson, U. Bach, R. Beswick,  
         R. Davis, P. Edwards, J.A. Eilek, C.M. Fromm, S.T. Garrington, J.L. Gómez, P.E. Hardee, Y.Y. Kovalev,  
         T.P. Krichbaum, S.-S. Lee, J.M.Martí, D.L.Meier, P. Mimica, E. Ros, F. Schinzel, K. Sokolovsky,  
         P. Wilkinson, J.A. Zensus 

q   Nearby AGN at scales of 5—500 gravitational radii (AGN-N) 
     T. Savolainen, G. Giovannini, K. Hada, S. Tingay, T.P. Krichbaum, A. Lobanov, M. Orienti, J.M. Anderson,  
         U. Bach, B. Boccardi, C. Casadio P. Edwards, J. Eilek, C.M. Fromm, M. Giroletti, P. Hardee, Y. Hagiwara,  
         M. Honma, M. Kino, Y.Y. Kovalev, S.-S. Lee, D.L. Meier, H. Nagai, S.P. O'Sullivan, C. Reynolds,  
         F.  Schinzel, B.W. Sohn, K.V. Sokolovsky, J.A. Zensus 
 
 

q   Polarization and magnetic fields in compact jets (AGN-P) 
     J. L. Gómez, A. P. Lobanov, I. Agudo, A. Alberdi, J. M. Anderson, U. Bach, M. Bell, S. Bernhart,  
        C. Casadio, T. V. Cawthorne, E. Clausen-Brown, J. Eilek, C. Fromm, D. Homan, S. G. Jorstad, M. Keck, 
        Y. Y. Kovalev, T. P. Krichbaum, S. S. Lee, A. P. Marscher, J. M. Mart, S. Molina, K.-I. Nishikawa, 
        M. A. Perez Torres, M. Perucho, E. Ros, T. Savolainen, B. W. Sohn, K. V. Sokolovsky, G. B. Taylor, 
        J. A. Zensus 
 

KSPs at MPIfR 



•  Formation of relativistic jets. Energy release in jets and role 
of EM component in jets:  
     – AGN polarization, strong AGN. 
       

•  Direct detection and imaging of radio emission from 
accretion disks and SMBH vicinity:  
     – nearby AGN, AGN polarization. 
       

•  Connection between jet continuum radiation and various 
constituents of AGN, including BLR, NLR, and sub-relativistic 
flows:  
    – strong AGN, nearby AGN. 

KSPs at MPIfR 



Nearby AGNs 

VSOP observations by Asada et al. (2006) 

Resolution of  0.78x0.39 mas at 5GHz 

RadioAstron by Savolainen et al. (2013)  

resolution of  0.45x0.15 mas at 5GHz 



Strong AGNs 

VSOP, 1.6 GHz RadioAstron, 1.6 GHz 
preliminary! 



Polarisation in AGNs 
A KSP for polarimetric Space-VLBI with RadioAstron

First Science Observations

Achieved angular resolution:!
   FWHM:  3.53x0.40 mas!
5σ sensitivity:!
   4     mJy/beam in Total!
   7.5  mJy/beam in Polarization!
Recovered 4.84 Jy of 5.2 Jy (Effelsberg)

Total intensity image shows three 
different components, while polarization 
shows a single component with EVPAs in 
the direction of the jet.!
!
Calibration of the EVPAs through 
comparison with Effelsberg.

BL Lac  — Sep. 29, 2013

Preliminar image

1.6 GHz

FWHM: 0.4 mas

A KSP for polarimetric Space-VLBI with RadioAstron

BL Lac11 Nov. 2013

22 GHz

FWHM: 59 μas

Image with uniform weighting provides an 
angular resolution of !

   FWHM:  0.343x0.059 mas!
and a 5σ sensitivity of 4 mJy/beam in total 
intensity and 7 mJy/beam in polarization.

Achieved angular resolution:!
   FWHM:  0.296x0.033 mas!

using uniform weighting with no amplitude 
error weighting. Achieved 5σ sensitivity of 
20 mJy/beam.!
!
Highest angular resolution polarization 
image obtained to date: 33 μas

First polarization Space-VLBI image!
at 22 GHz

A KSP for polarimetric Space-VLBI with RadioAstron

BL Lac11 Nov. 2013

22 GHz

FWHM: 59 μas



More results coming from AO-2 and AO-3….. 
 
 

    
 
 
 
 
 
 
 
 
 
 
 

      ….. Stay tuned! 


